approximately 4 X 4 X 4 feet, in an air conditioned building at approximately 72 ø F, under an irregular light/dark regime. I measured and xveighed the nestling daily (usually during midmorning hours) and then fed it thawed frozen fish once daily. The nestling fed readily by taking individual fish as they were offered. Daily intake was recorded when it would not accept another fish. Food intake was converted to percent of the daily initial weight. The txvo nestlings raised in 1971 were approximately 30-34 and 38-42 days old when found on the ground in the colony. Neither of these birds was fed for 13 days, but then they were kept on the same regime as the 1970 nestling.
RESULTS
Plumage development. Plumage criteria provide a relatively straightforward classification of nestlings into weekly age-classes (Table 2) At hatching, weight varies between 45 and 80 g. Increase in weight occurs rapidly, and asymptotic weight is reached by approximately 50 days (Fig. 1) . Comparison of weights of nestlings with adults indicates that some nestlings prior to fiedging are The culmen (Fig. 2) varies between 20 and 22 mm at hatching and growth is rapid and essentially a straight line from day 4-5 to fiedging. Comparison of culmen length of nestlings with adults indicates that on the west coast of Florida, probably only some females achieve full bill length prior to fiedging whereas the bills of most males continue to grow after they leave the nest. Some variation exists in average culmen length, especially betxveen 40 and 80 days but prior to that time, daily measurements vary little.
The manus (Fig. 3) varies between 19 and 22 mm at hatching and little growth occurs during the first week. Growth increases notably during the second and subsequent weeks. Most nestlings have not reached full wing length prior to fiedging. Some variation exists in wing length, especially late in the nestling period, probably related to the sex of the individuals. On a year-to-year comparison, mean wing length was the least variable parameter measured.
The tarsus (Fig. 4) varies between 20 and 22 mm at hatching and within 2-3 days it has begun to grow rapidly so that within 24 to 30 days the tarsus has reached full adult length. During growth the tarsus shows little variability but the size of legs does vary considerably once full length is achieved. Measurements of an individual vary little beyond 35 days but tend to decrease 2-3 mm during the last 2 or 3 weeks in the nest. While I did not measure the diameter of nestling legs, the leg is definitely thicker and rounder than in adults. Possibly this is due to fluid or fat accumulation around the tarsus. This condition is lost late in the nestling stage. I consider the roundness of the tarsus as an excellent indicator of the general health of an individual bird: those with round legs are healthier than those with fiat or angular legs. and 3rd weeks, and full weight is achieved at 8 weeks (Fig. 6) . The tarsus is 21% of asymptote at hatching and achieves full length at 5 weeks. The culmen is approximately 7% of asymptote at hatching and the wing is approximately 4% at hatching. Increase in culmen length is essentially a straight line from the first week to fledging. The wing grows more slowly during the first 2-3 weeks but the wing and culmen parallel very closely during the 6-10th weeks and both closely approach full growth at fledging (rig. 6).
Growth as actual gain or loss. Weight gain is 120 g the first week; 380-450 g during the 2nd, 4th, and 8th weeks; between 600 and 830 g during the 3rd, 5th, and 6th weeks; between 100-120 during the 7th and 10th weeks; and actual weight decreases during the 9th and 11th weeks (Fig. 7) . The pattern of a decrease in g gained after the 5th week parallels the decrease in actual weight after reaching asymptote. This is especially noticeable in the weight loss during the 9th and 11th weeks. The increase in weight gained during the 8th and 10th weeks probably has parallels in the food consumption patterns of captives discussed below. The decline in weight gained during the 4th week seems unusual but perhaps is related to the growth spurt of the feathers during this time and the maximum growth of the legs. As these extremities undergo their maximum change in length the nestlings' energy allocation is channeled into leg and feather growth rather than into increasing weight. and 26 mm the 3rd week; growth slows during the 4th and 5th weeks after which growth stops when full length is achieved during the 6th week (Fig. 7) . As expected from the growth curve of the culmen it increases between 15 and 30 mm per week after the 1st week with the greatest increase occurring during the 4th, 5th, and 6th weeks (Fig. 7) . A decrease occurs concommitantly with a weight decrease during the 7th week. Growth decreases slightly during the 9th-11th weeks. The slower increase during the 3rd week is opposite to growth in weight, tarsus length, and wing length, because they continue to increase during this period. Perhaps the decrease in bill length increment is somehow related to the maximum growth of the tarsus during this period.
The wing exhibits increasing growth of 8, 24, 42, 59, 72, and 71 mm during each of the first 6 weeks after which time growth decreases to fiedging. It is interesting that the irregular pattern of decrease-increase in mm growth of the wing so closely parallels the pattern of weight decrease-increase in g of weight gained during the last 5 weeks of the growth period. week and thereafter, probably as the feathers begin developing. The increased rate during the 5th week probably reflects a recovery from the initial feather growth. A negative rate occurs in weight in the 9th week, and a very low rate of increase in the 7th, 10th, and 11th weeks, as asymptotic weight is reached and maintained. The tarsus exhibits maximum growth rate during the first 3 weeks, this slows during the 4th and 5th weeks, and then a negative or very near zero rate is maintained during the 6th through 11th weeks (Fig. 8) . The wing grows slightly slower than the tarsus during the 1st •veek but the wing exhibits a maximum growth rate during the 2nd and 3rd weeks, this slows gradually and steadily from the 3rd to the 7th weeks, and then slower from the 7th to the 11th weeks but growth does continue to fiedging, just as it does in the culmen. The culmen exhibits a high growth rate during the first week and reaches its maximum rate of increase during the 2nd week; rate slows markedly during the 3rd week, remains essentially the same during the 4th week, and decreases to fiedging. culmen is slower than that of the wing during the 3rd through 6th weeks, they change in close parallel during that time.
These different methods of analyzing the growth parameters of Brown Pelican nestlings present a varied picture. Obviously, the growth of a nestling depends primarily on the amount of food made available by the parents, and, as in many other studies, measurements of weight are the most variable of the parameters measured. Asymptotic weight is achieved in the Brown Pelican at approximately 50 days of age, or at about 60% of the time in the nest (Figs. I and 6) . However, the maximum rate of weight change is achieved in the first 3 weeks (Fig. 8) thereafter changing less on a percentage basis. However, the maximum amount of actual weight change occurs during the 2nd through 8th weeks (Fig. 7) , with an unexplained drop in the 7th week.
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Feeding of nestling. I was unable to measure directly the amount of food consumed by nestling Brown Pelicans in the field. However, I did measure food intake, weight, and culmen and wing length in three chicks raised in captivity (Table 3, (Fig. 9 illustrates data for the 30-34 day-old-bird). Neither bird showed any obvious behavioral aberrations during the starvation period but they did intensify begging when I approached the cages late in the period. Both chicks lost weight at 3% per day, the younger losing 1,260 g or 47% of its initial weight and the elder losing 1,430 g or 45% of its initial weight. On the first day of feeding the smaller chick consumed fish totaling 38% and the larger chick 28% of their weights on that day. The next day they only ate 10% and 15%, perhaps as a reaction to the large intake on the previous day after so long a period of starvation. On the 3rd day of feeding, they took 35% and 40% respectively, then intake of the smaller chick declined steadily for four days; intake of the larger remained at 32% and 36% and then declined to 18% and 16%. During this period the weights increased rapidly and both chicks almost doubled in weight. Neither chick was fed for two days, after which food intake increased rather erratically, as did body weight. After asymptotic weight was achieved and the body weight was decreasing to a maintenance level, food intake remained between 10% and 20%.
The culmen and wing achieved full length at approximately 50 days in captivity (37 days after feeding began) and about 20 days after asymptotic weight was reached and the same time that maintenance weight was achieved. During the period of starvation, the wing (and thus the primary feathers) of both birds continued to grow although body weight decreased. However, the culmen stopped growing during this period. This information presents problems as regards the use of these parameters to age nestlings in the field and will be discussed more fully below.
During the period that the chicks were growing to asymptotic weight, the younger individual consumed 15,390 g while its weight 
DISCUSSION
My data are insufficient to calculate the total amount of fish necessary to raise a nestling pelican, however, ca 50,000 g is probably a close approximation. The rate of consumption of the three captives corresponds well with the growth rates of wild nestlings (Fig. 8): the smaller chicks consume a higher percentage of their daily body weight at the time when weight is increasing most rapidly. A significant result of these feeding experiments was the demonstration of the ability of nestling Brown Pelicans to withstand starvation. Even after a minimum of 13 (and probably 17-19) days without food when fish were made available again, the starved chicks could still beg, eat, and, later, grow normally. This ability to withstand long periods of starvation has obvious survival value to a species whose food availability in the wild is often erratic. Long-term effects of starvation on the neurophysiological ability of chicks remains unknown. Additionally, long-term effects of starvation during the nestling period followed by successful ficdging on postficdging survival also remain unknown. If a similar pattern of fluctuating food intake as in the captives also exists in wild, free-living birds, it would hold far reaching implications for daily activity cycles. I do not have data on daily activity patterns of individual birds in the wild but do know that in situations such as at fish processing plants or fishing piers where fish are superabundant, some pelicans will cat so much that they are unable to fly afterwards. Certainly days also exist when an individual pelican is unable to capture any fish. This ability to cat large amounts •vhcn food is available and then to exist for one or more days of food unavailability, for whatever reason, has obvious survival value to a fish-eating bird whose food supply may be erratic.
36] R. W. Schreiber Bird-Banding Winter 1976
The results of these growth studies indicate that for the Brown Pelican, growth of nestlings occurs within certain limits, at least for those that fledge successfully. Furthermore, they confirm Ricklefs' (1972) view that growth rate occurs within rather •narrow limits" set by adult body size and the mode of development (altricial in this case). The advantages of being the first chick to hatch in a clutch are obvious from these studies (Table 1 and The relationship between weight and the lengths of the appendages remains unclear from these field observations and laboratory experiementation is needed. Obviously, the culmen, wing, and tarsus are dependent on food intake to provide the energy for growth allocation. Weight appears to be the major factor determining the ability of the individual to develop the remainder of the body. The rate of change in weight is a maximum during the first 1 to 3 weeks of the nestling period. Then weight increases much less rapidly with an increase during the 5th week over the 4th but then with a continuing decline in rate of increase. During this period the wing and culmen are continuing to grow at approximately the same rate but after weight has leveled off, growth rate of the wing and culmen slows and steadily decreases. The decline in actual amount of increase in weight closely parallels the changes in length of the wing and culmen, especially during weeks 6 and 7. Weight begins to decrease in week 5 but this does not manifest itself in decreases in culmen and wing length until a week or so later. This relationship between weight and wing length and bill length is somewhat clarified by the conditions in starved nestlings.
During two weeks starvation by two chicks, their weights decreased, the culmens ceased growing, but the wings continued to grow (Fig. 9) . When the birds were fed again the culmens required almost a week of weight increase prior to commencing growth. This probably indicates that once the feathers begin to grow, the amount of resource allocation necessary for continued growth of a feather is considerably lower than that necessary to form the bone and other materials involved in culmen growth.
This information also indicates that while wing length measurements may indicate age of nestlings, they are not an accurate indicator of the health of individual birds. Species' differences undoubtedly exist, but I question the use by Ricklefs and White (1975) of wing length as a growth indicator in Sooty Terns (Sterna fuscata). I strongly believe that to obtain an accurate measure of age of nestlings in a colony based on measurements made at lengthy intervals or with only one visit to a colony during the season, one must measure weight, tarsus length, wing length, and bill length. With these several measurements age can then be estimated. Tarsus length is useful only early in the growth stage because it reaches full length so rapidly. Certainly the roundness and firmness of the tarsus is a good indicator of the health of individual birds, as is the contour of the mandible. The weight-to-wing length and culmen length relationship is also valuable, and probably is the most accurate measure of age and condition of the birds. As an example, a pelican with a culmen of 200 mm and wing length of 300 mm (indicating age 50 _+ days) and a weight of only 2,000 g (indicating age 22-35 days) is not a healthy individual, and it is probably impossible to age that bird accurately, although the estimate arrived at based on culmen and wing length would be most accurate.
I believe that the culmen and wing length approach full adult parameters near the end of the nestling stage is probably the factor that "triggers" fledging. With the wing fully grown the birds are able to support their body and fly. In fact, older nestlings spend considerable time flapping their wings prior to fledging. It is my impression that several individuals I have observed make their first take-off did so almost by accident and were "surprised" to find themselves in the air. Young birds spend considerable time immediately after leaving the nest "learning how to use" their bills. They pick up and toss debris, plunge and withdraw the bill from the water, hold water in the pouch, and bill other fledglings 38] R. W. Schreiber Bird-Banding Winter 1976 prior to actually attempting to catch fish. It may be an advantage to develop the neck and bill musculature at this time while the culmen is slightly short and to learn how to manipulate the slightly shorter bill than a more unwieldy full bill length. Since the wing continues to grow during this period, it undoubtedly has reached full length before the young leave the vicinity of the colony and begin to dive for fish.
Adults rarely feed young away from the nest and young birds do not return to the nest after having once flown (Schreiber, unpubl. data). We know young birds are less efficient at feeding than are adults (0rians, 1969; Schreiber et al, 1975, and unpubl. data). Thus, fiedging at weights greater than those of adults obviously provides the energy needed for survival until the young become proficient at feeding themselves.
This paper clarifies many points in the growth and development of nestling Brown Pelicans. The data contained herein allow estimation of the ages of any given pelican nestling. This information is valuable for studies such as the determination of the seasonality of breeding in colonies to which access is difficult or in which disturbance seriously affects productivity, as it does with pelicans. While this paper delimits some of the aspects of growth and food intake in the Brown Pelican, further studies should involve laboratory experimentation on metabolic rates and caloric measurements.
SUMMARY
This paper presents data on the growth and development of nestling Brown Pelicans in Tampa Bay, Florida as measured in four years, 1969-1972. The increase in culmen, wing, and tarsus lengths and weight are described along with plumage characteristics at various ages, thus allowing any given nestling to be aged. Normal growth occurs •vithin certain limits and chicks that do not develop within these bounds starve to death. The interactions between weight and growth of the extremities are examined. Food intake in captive chicks is described and these findings are related to growth of wild nestlings. The implications to survival of different growth rates of various parts of the body of the individual are discussed.
